It is possible to produce selective Feulgennegative microlesions (0.5-l ,um in diameter) on mitotic chromosomes [l-4] . It has also been demonstrated that specific functional loss can be associated with these lesions [5] . Irradiation of the nucleolar organizer regions (secondary constrictions) of salamander chromosomes results in the inability of those sites to contribute to nucleolar formation (i.e., a nucleolus cannot be produced). All of these studies have been conducted using a low power, pulsed argon laser (1 watt, peakpower), in conjunction with selective sensitization of the chromosomes to the laser light by pretreatment with acridine orange (AO).
Recently it has been possible to irradiate chromosomes with argon laser powers of 18-35 W. Irradiation with these high energy densities results in the production of microlesions without the addition of A0 as a photosensitizing agent [6] . Through the phase microscope these lesions appear similar to the dye-sensitized lesions. However, preliminary cytochemical evidence has indicated that the nature of the lesions in both situations is markedly different. It has been suggested that the AO-sensitized alterations are changes in the DNA component of the chromosome, and the non-dye sensitized lesions represent protein changes [6] . If it is possible to delete selectively either protein or DNA from desired chromosome regions of living cells, considerable insight into the relationship of these components to basic chromosome structure and function might be gained. Consequently, we undertook to define cytochemically and functionally the nature of these chromosome lesions.
MATERIALS AND METHODS
The tissue culture procedures are identical to those described in previous publications [l-6] of the AO-treated chromosomes. DNAno change in the lesion area ( fig. 3c, d ). Feulgen staining revealed no difference bet-In addition, gallocyanine-chrome alum stainween the irradiated and unirradiated areas ing for DNA also revealed little or no ( fig. 2 d, e, f) . However, alkaline fast green change in the lesion area. In all of the above staining for histone protein was negative in experiments, total energy densities were 1 200-the lesion area ( fig. 3~2, b) . Staining for non-1 500 ,uJ (4 to 5 pulses per experiment). Each histone protein with napthol yellow indicated experiment was repeated at least three times. 
DISCUSSION
affected. The lesions of AO-treated chromosomes seem to involve changes to the DNA It would appear that by varying appropriate rather than the basic protein. This is suggestparameters, either chromosomal DNA or ed by the negative Feulgen staining and the DNA associated protein can be selectively positive alkaline fast green staining. The lesion produced with the high laser powers, without the use of A0 as a photosensitizing agent, appear to be selective for basic protein. This is suggested by the negative alkaline fast green staining (for basic protein), positive Feulgen staining (for DNA purine bases), positive gallocyanine staining (for DNA phosphate), and positive naphthol yellow (for non-histone protein). The ability to produce a definite lesion in the secondary constriction region of the chromosome without affecting the ability of that region to organize a nucleolus would also suggest a change to the protein component rather than the DNA. This result would also indicate that the altered protein component does not play a critical functional role in the organization of nucleolus. It has been suggested by several authors [lo, 111 that the nucleolar organizing secondary constrictions contain the ribosomal poly-cistrons that are directly involved in nucleolar synthesis. One would expect that disruption of this segment of the DNA would result in an altered nucleolar synthesis. This is the result observed when the secondary constriction regions of AOtreated chromosomes are irradiated.
The mechanism of lesion production can only be speculated about at this time. In the case of the AO-treated chromosomes, it seems likely that the DNA is being altered because the A0 intercalates directly between the base pairs of the DNA molecule. Absorption of energy by the A0 molecule could result in either a direct transfer of heat energy to the DNA, or the precipitation of a photochemical reaction. Either mechanism could alter the DNA appreciably.
The alteration to the basic protein component in the non-acridine orange treated chromosomes is less easy to explain. There is no indication in the literature that chromosomal protein has any absorption at the primary wavelengths used (488, 514 nm). However, chromosomes have never been exposed to such high intensities of light at these wavelengths.
The possibility of a two photon absorption effect [13] , cannot be overlooked.
The result would be twice the amount of quanta, therefore, exactly half the wavelength (244 nm for the 488 nm wavelength, and 257 nm, for the 514 nm wavelength).
With increasing photon densities, the probability of two photons striking a target molecule at exactly the same time increases. It would, therefore, be possible theoretically for this to occur in a microspot with a high photon density. However, one would expect greater damage to DNA than protein, since the two photon wavelengths would be 244 and 257 nm.
Another possible explanation of the non-A0 lesions is that a sensitizing agent other than A0 is present. Though this seems unlikely, it cannot be entirely ruled out. It might also be possible that the artificial culture environment has changed the natural absorbance of the chromosomes.
Whatever the explanation for the effect, it is possible to selectively alter either DNA or basic protein by simply varying the energy in the focused spot, and the presence of a vital dye, acridine orange. With the dye pre-(50 pJ/pulse), it is possible to selectively affect the DNA. Without the dye, and with high energy densities (300 pJ/pulse) it is possible to selectively alter the histone protein apparently without affecting the DNA. The ability to alter one component both structurally and functionally without affecting the other, should raise questions concerning the nature of the association of these components. In addition, the ability to dissect out either component and maintain cell survival for a considerable period of time will permit studies of a functional nature.
